The electrodeposition of copper onto a copper single- crystal (111) plane in the presence of sulfanilamide by Subramanian, K. & Nageswar, S.
Surface Technology, 12 (1981) 129 - 134 129 
THE ELECTRODEPOSITION OF COPPER ONTO A COPPER SINGLE- 
CRYSTAL (111) PLANE IN THE PRESENCE OF SULPHANILAMIDE 
K. SUBRAMANIAN and S. NAGESWAR 
Department of Chemistry, Central College, Bangalore University, Bangalore 560 001 (India) 
(Received November 6, 1979) 
Summary  
Studies were made of copper electrodeposited onto a (111) plane of a 
copper single crystal from an acidic CuSO4 bath containing various con- 
centrat ions of sulphanilamide. As the concentrat ion of sulphanilamide is
increased the pyramidal type of growth deposited from the pure bath 
changes to a layer deposit which transforms to ridges and then becomes 
polycrystal l ine at all current  densities. The crit ical concentrat ions of
sulphanilamide for the transit ions depend on the current density. 
1. In t roduct ion  
Electrodeposits of copper formed on a copper substrate from a pure 
acidic CuSO4 bath and from an acidic CuSO 4 bath containing addition 
agents have been studied by several workers [1 - 5]. It is known that the 
presence of sulphur compounds [5 - 8] affects the nature of the electro- 
deposits and the electrochemical parameters. In the present paper we 
report on the effect of sulphanilamide on the electrochemical parameters 
and the morphology of copper electrodeposited at various current  densities 
onto a Cu( l l l )  face from a highly purified acidic CuSO4 bath containing 
various concentrat ions of sulphanilamide. It was found that transit ions from 
pyramidal to layer to ridge and then to polycrystal l ine growth occur 
depending on the current density and the concentrat ion of sulphanilamide. 
2. Exper imenta l  
The experimental  procedure has been described in detail elsewhere [9]. 
A Cu( l l l )  face (checked by X-ray diffraction) was electropolished with 50% 
orthophosphoric acid [10]. Copper was deposited at 2, 5, 10 and 15 mA cm-2 
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to a th ickness  of  3.6 ~m (10 C cm 2). The overpotent ia l  was measured with 
reference to a freshly prepared copper  e lectrode to an accuracy  of  + 5 mV 
using an El ;co digital  pH meter.  The morpho logy  of  the copper  deposit  was 
examined by phase cont ras t  mic roscopy  at a magni f i cat ion  of  625× and 
microphotographs  were taken. 
3. Resu l ts  
3.1. Morpho logy  
3.1.1, A t  2 mA cm 2 
A deposit  of  t r iangu lar  pyramids  was observed when copper was 
deposited from the pure so lut ion;  as observed by ear l ier  workers  [11]. When 
the concent ra t ion  of  su lphan i lamide was 10 12 tool 1 ~ the pyramids became 
t runcated  (Fig. 1). On increas ing the concent ra t ion  to 10 ~ mol 1 ~ the 
t runcated  pyramids  began to t rans form into layers (cf. Fig. 4). At 10 10 mol 
1 i su lphan i lamide  the layers were chang ing  into r idges and at 10-s mol 1 1 
su lphan i lamide  r idges were observed (Fig. 2). With fur ther  increase in the 
su lphan i lamide  concent ra t ion  to 10 6 mol 1 - ~ the deposit  became poly- 
crysta l l ine  with occas iona l  pyramids  (Fig. 3). 
Fig. 1. Truncated pyramids of copper deposited at 2 mA cm : onto Cu(111) from an acidic 
CuSO~ bath containing 10 ~2 mol 1 ~ sulphanilamide. (Magnification, 500x .) 
Fig. 2. A ridge type of growth deposited at 2 mA cm 2 onto Cu(lll) from an acidic CuSO~ 
bath containing 10 s mol 1 ~ sulphanilamide. (Magnification, 500x .) 
3.1.2. A t  5 mA cm 2 
When copper  was deposited onto a Cu( l l l )  p lane at 5 mA cm 2 from 
the pure so lut ion t r iangu lar  pyramids  s imi lar  to those obta ined at 2 mA 
cm-2  were observed. With 10-13 mol 1 ~ su lphan i lamide  in the bath trun- 
cated t r iangu lar  pyramids  were produced (cf. Fig. 1). At 10 12 mol 1- 1 
su lphan i lamide  the t runcated  pyramids  began to t rans form into layers (Fig. 
4) and at 10 1~ tool 1-1 layer  growth  was observed (Fig. 5). On increas ing 
the concent ra t ion  to 10 ~0 mol l-1 the re lat ive d istance between the layers 
(with a po lycrysta l l ine  base) decreased (Fig. 6) and at 10 s tool 1 ~ sulphani l -  
am;de r idges were produced (cf. Fig. 2). On increas ing the concent ra t ion  to 
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Fig. 3. A polycrystalline deposit with occasional pyramids formed at 2 mA cm-2 on 
Cu(l l l )  from an acidic CuSO4 bath containing 10 -6 mol l-1 sulphanilamide. (Magnifi- 
cation, 500x .) 
Fig. 4. Truncated pyramids transforming into layers in a deposit formed at 5 mA cm-2 on 
Cu(l l l )  from an acidic CuSO4 bath containing 10 ~2 mol l-1 sulphanilamide. (Magnifi- 
cation, 500x .) 
Fig. 5. Layer growth obtained at 5 mA cm 2 on Cu(111) from an acidic CuSO4 bath 
containing 10-,1 mol l-1 sulphanilamide. (Magnification, 500x .) 
Fig. 6. Layers on a polycrystalline base deposited at 5 mA cm-2 onto Cu(l l l )  from an 
acidic CuSO 4 bath containing 10-lo tool l-1 sulphanilamide. (Magnification, 500x .) 
10-7 mol 1-1 the  r idges  became i r regu lar  (Fig. 7) wh i l s t  at  10-6 mol  1 I the  
depos i t  was po lycrys ta l l ine .  
3.1.3. A t  10 mA cm - z 
Tr iangu lar  pyramids  were obta ined  f rom the  pure  so lu t ion  at  a cur rent  
dens i ty  of  10 mA cm-  z. In the  presence  of 10-13 mol  l -  ~ su lphan i lamide  
these  pyramids  became t runcated  (cf. Fig.  1). On increas ing  the  concen-  
t ra t ion  of  su lphan i lamide  to 10- lZ m01 l -1 the t runcated  pyramids  began 
to t rans form into  b locks  (Fig. 8). At  10 10 mol  1 i su lphan i lamide  macro-  
steps were  produced (Fig. 9). An  increase  in concent ra t ion  to 10-s  mol 1 
decreased  the  re la t ive  d i s tance  between the  layers  (Fig. 10) and  a fu r ther  
inc rease  to 10- ~ mol  l -~ resu l ted  in a po lycrys ta l l ine  deposi t .  
3.1.4. A t  15 mA cm-2  
In the  pure  so lu t ion  a pyramida l  g rowth  was observed  at  15 mA cm-2 .  
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Fig. 7. Irregular ridges deposited at 5 mA cm 2 onto Cu( l l l )  from an acidic CuSO~ bath 
containing 10 " mol 1 ' sulphanilamide. (Magnification, 500x .) 
Fig. 8. Truncated pyramids transforming into blocks in a deposit formed at 10 mA cm 2 
on Cu(111) from an acidic CuSOa bath containing 10 ,2 mol 1 i sulphanilamide. 
(Magnification. 500× .) 
Fig. 9. Macrosteps of copper deposited at 10mA cm 2 onto Cu( l l l )  from an acidic:CuSOa 
bath containing 10 1o mol 1 ' sulphanilamide. (Magnification, 500x ,) 
Fig. 10. Layers deposited at 10mA cm 2 onto Cu( l l l )  from an acidic CuSOa bath 
containing 10 s mol 1 ' sulphanilamide. (Magnification, 500>< .) 
In  the  presence  o f  10 ,3 mo l  1 ' su lphan i lamide  the  pyramids  became 
t runcated  and  w i th  10 12 mol  1 1 su lphan i lamide  the  t runcated  pyramids  
began to t rans form in to  b locks  (F ig.  11). Layer  g rowth  was  observed  at  
10 10 mol  1 ' (cf. F ig.  5). On  increas ing  the  concent ra t ion  t  10 s mo l  1 i 
b roken  layers  were  produced  (F ig.  12). A fu r ther  inc rease  in concent ra t ion  
to 10 ~' mo l  1 ' resu l ted  in a po lycrys ta l l ine  depos i t .  
3.2. Overpotential 
At  a l l  cur rent  dens i t ies  the  overpotent ia l  in the  pure  so lu t ion  decreased  
w i th  t ime unt i l  i t  f ina l ly  reached a s teady  va lue ,  in  the  presence  of  low 
concent ra t ions  o f  su lphan i lamide  the  overpotent ia l  inc reased  unt i l  i t  
a t ta ined  a s teady  va lue  when there  was  a t rans i t ion  f rom pyramida l  to layer  
g rowth .  Th is  tendency  was  observed  at  a l l  cur rent  dens i t ies .  The  over -  
potent ia l  was  a lmost  s teady  dur ing  the  fo rmat ion  o f  r idges .  The  Ta fe l  
re la t ion  he ld  on ly  at  low concent ra t ions  o f  su lphan i lamide  (10 13 . 10 ~ mol  
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Fig. 11. Truncated pyramids transforming into blocks in a deposit formed at 15 mAcm 2 
on Cu(l l l)  from an acidic CuSO4 bath containing 10-12 mol 1 1 sulphanilamide. 
(Magnification, 500x .) 
Fig. 12. Broken layers deposited at 15 mA cm -2 onto Cu(111) from an acidic CuSO 4 bath 
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Fig. 13. Overpotential vs. current density for the electrodeposition f copper onto Cu(111) 
from a pure acidic CuSO 4 bath and from a bath containing various concentrations of 
sulphanilamide: (a) CuSO4 solution containing 10-13 mol 1 ~ sulphanilamide, b = 132.9, 
i o = 1.2 mAcm 2; (b) CuSO4 solution containing 10 10 tool 1 ~ sulphanilamide, b = 136.2, 
i 0=1.45mAcro 2;(c) pure solution, b=139.5, i0=l .5mAcm 2;(d) CuSO4solution 
containing 10 -s mol 1-~ sulphanilamide, b = 116.2, i 0 = 1.3 mAcm 2. 
1- 1) (Fig. 13), When the concent ra t ion  of su lphan i lamide  was h igher  than  
10- ~ mol 1 I the overpotent ia l  versus  cur rent  dens i ty  re la t ion  was i r regular .  
4. D iscuss ion  
On a (111) face the Tafel  slope for low concent ra t ions  of su lphan i lamide  
ind icates  that  the first charge t rans fer  is the ra te -determin ing  step (Fig. 13) 
and  at h igher  concent ra t ions  of su lphan i lamide  the Tafel  re la t ion  does not  
hold. It is known [12] that  su lphur  compounds  are specif ical ly adsorbed on 
the surface. The character i s t i c  morpho log ica l  changes  i  copper deposits 
can be exp la ined with  the help of F i scher ' s  adsorpt ion  theory  [13]. 
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It is known that copper(II) forms a 1:2 complex with sulphanilamide 
[14]. It has also been noted by Allport [15] that sulphanilamide is not readily 
hydrolysed by treatment with boiling dilute solutions of acids. The 
copper(II) sulphanilamide complex may be discharged on the substrate 
surface. This would explain the increase in overpotential shown in Fig. 13. 
The complex is specifically adsorbed on active sites on the Cu( l l l )  face and 
also on the apexes of pyramids; thus the vertical growth of the pyramids is 
hindered (Figs. 1, 8 and 11). Further  growth must occur laterally since steps 
cannot  generate from the apexes of the pyramids. This gives rise to layer 
growth with gradual disappearance of the pyramids. At higher concen- 
trations of sulphanilamide the incorporat ion of the copper adion onto the 
surface of the substrata is obstructed and random nucleation can occur, 
result ing in a polycrystal l ine deposit. 
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